Abstract: Flexible AC Transmission System (FACTS) 
I. INTRODUCTION
Present day power systems are highly complex interconnected systems, so it becomes necessary to operate the power systems in a secure and reliable manner. Due to the dynamic load pattern and ever increasing load demand, power flows in some of the transmission lines are well above their normal limits while some of the lines are not loaded upto their full capacity. As a result of this uneven load distribution, the voltage profile of the system gets deteriorated which poses a threat for the security of the system. Taking into consideration the factors such as ever increasing load demand, economical and technical constraints involved in setting up new power generation facilities and limitations faced in purchasing right of ways to realize new transmission corridors it becomes highly essential to utilize the existing generation and transmission facilities in the most efficient manner. FACTS controllers are found to be an effective alternative for the complex task of building up new transmission corridors [1] .
Modulating and reversing the power flow through the transmission lines in a fast, accurate and precise manner was made possible through the FACTS (Flexible Alternating Current Transmission System) concept introduced by N.G.Hingorani [2] . FACTS devices are very effective in improving the voltage profile, reducing the line loadings and line losses, providing reactive power support over a wide range of operating voltages and enhancing the stability of the system. They can as well be used with the existing lines in order to enhance their power transfer capability. The power flow through the network can be controlled without modifying the generation and carrying out any switching operations in the network. [3] . In order to achieve maximum benefits through the installation of the FACTS devices, devices of suitable ratings need to be installed at optimal locations [4] .
The proposed work deals with the placement of multi-type FACTS devices namely SVC and TCSC. SVC (Static Var Compensator) was the first device to be released in the market, when the concept of generating controllable reactive power through switching power converters was introduced. It is a shunt connected device and is installed parallel with a bus. It has the ability to generate or absorb reactive power at the point where it is connected. More than 800 SVC's are being installed worldwide both for utility and industrial purposes. (especially in electric arc furnace and rolling mills) [5] .
TCSC (Thyristor Controlled Series Capacitor) is a type of series compensator that can provide many benefits for a power system including control of power flow in the line, damping power oscillations and mitigating sub synchronous resonance [6] .TCSC is a variable impedance type series compensator. It consists of a series compensating capacitor shunted by a thyristor controlled reactor. By controlling the firing angle of thyristor, TCSC can change the line reactance smoothly and rapidly. TCSC has one of the two possible characteristics either capacitive or inductive, can be used for increasing or decreasing the reactance of the line l X [7] . Moreover to avoid the over compensation of the line, the maximum values of capacitance and inductance are fixed at l X 8 . 0  and l X 2 . 0 [8] . World's first 3 phase, 2*165 MVAR, TCSC was installed in 1992 in Kayenta substation, Arizona. It raised the transmission capacity of transmission line by 30% and effectively damped electromechanical power oscillations [9] . Optimal placement of FACTS devices is essential to tap the maximum benefits in terms of system performance and cost effectiveness.
A loss sensitivity index with respect to the control parameters of FACTS devices has been suggested and with the computed loss sensitivity index, the FACTS devices are placed on the most sensitive bus or line [10] . Fuzzy based approach for the optimal placement of FACTS device for enhancing the system security under normal and network contingencies has been discussed in [11] . The optimal location of a given number of FACTS devices is a problem of combinatorial analysis.
To solve such kind of problems, heuristic methods can be used [12] . They permit to obtain acceptable solutions within a limited computation time. The application of Genetic Algorithm for the optimal location of multi type FACTS devices in order to maximize the system loadability is analysed in [13] . A Differential Evolution based algorithm to decide the optimal location and device rating has been suggested in [14] with an objective of enhancing the system security under single line contingencies. The Particle Swarm Optimization (PSO) is applied for the optimal location of FACTS devices to achieve minimum cost of installation and to improve system loadability, by considering thermal limit for the lines and bus voltage limit for the load buses as constraints [15] . Sensitivity analysis approach for finding the optimal location and PSO for the optimal parameter setting of TCSC has been suggested in [16] so as to maximize the loadability.
In this paper, PSO technique is applied to find the optimal placement and capacity of multi -type FACTS devices (TCSC & SVC). The objective function to be minimized comprises of cost of the device, line loadings and voltage deviations at the load buses.
II. PROBLEM FORMULATION

A. Objective of the optimization
As the cost of the FACTS devices is high, in order to achieve the maximum benefit, the devices are to be installed at the optimal locations. The objective function has three terms, the first term represents the installation cost of the devices, the second and third terms represent the load bus voltage deviations and line loadings respectively. The minimization of the proposed objective function has to lead to a cost effective security oriented device placement.
The objective function is formulated as
F is the objective function; 
(ii) SVC Modelling
SVC is a shunt connected static var generator or absorber whose output is adjusted to exchange capacitive or inductive current so as to maintain or control specific parameters of the electrical power system. The SVC is a general term for a TCR (Thyristor Controlled Reactor), a TSC (Thyristor Switched Capacitor) or a combination of both as shown in figure (c). It works in two modes, capacitive or inductive mode. In inductive mode, it absorbs reactive power and in capacitive mode it injects reactive power. It is modeled as an ideal reactive power injection at bus i, where it is connected as depicted in figure (d) . SVC is placed in only at load buses. [17] based on the concept of swarm intelligence exhibited by the flock of birds, school of fish etc in which each member of the group adjusts its behaviour based upon its own experience and the experience of the swarm. .This sort of social behaviour is used to simulate the problem solving environment in which a swarm is randomly generated in terms of solution variables of the problem. The individuals in a swarm are called particles. After generating the swarm, the fitness values of the particles best P are evaluated and compared against the values obtained from the previous iteration. The particles with the best values of fitness function in the next generation best P are retained. best G is the best value attained so far by the swarm of particles.
In each iteration, best G of the current swam is compared with the best G of the previous iteration and whichever is lower is retained along with the corresponding particle. The position update of particles is carried out through the expression (8) in which the velocity is calculated using (9).
The inertia weight in (7) is calculated using the following expression.
iter iter
This iterative procedure is repeated till a specified number of swarms are reached or until a predefined amount of time has elapsed or until there is no considerable difference between the outcomes of a few subsequent iterations. 
IV. ALGORITHM
The algorithm of the proposed work is explained below. Step1: The system data and the load factor are initialized. Step2: PSO parameters such as the size of swarm m, maximum number of iterations, the number of variables to be optimized, limits of each variables in the particle, 1 Step3: An initial population is randomly generated considering the variables to be optimized. [The number of devices, location of the device, type of device, rating of the device] Step4: For each particle i [i = 1, 2…m] in the population, the objective function is evaluated.
Stpe5: The calculated value of each particle is compared with its best P and best P of each particle is updated.
Step6: best G is calculated, then compared with the best G in the previous iteration and it is updated.
Step7: A new population is created by changing the velocity and position of the particle.
Step8: If stopping criterion is satisfied, the best individual is printed, else repeated from step 4.
Step9: Steps from 2 to 8 are repeated for different load factors.
V. SIMULATED RESULTS
The proposed method has been tested on standard IEEE 14 bus, 30 bus and 57 bus test systems and the results are presented in tables 1 to 9. To study the effect of the installation of TCSC and SVC on load bus voltages and line loadings under overload conditions, the loads on the system were increased in a step by step manner; the real and reactive power loads connected at various load buses were increased keeping the load power factor constant. The maximum number of FACTS devices is limited to 2 on a 14 bus system, 3 on a 30 bus system and 5 on a 57 bus system. The test results are tabulated and an equivalent bar chart representation of the results is also presented for each of the load conditions.
The results are presented here for three different cases namely, variations of load bus voltages and line loadings under various loading conditions when no FACTS devices are present in the system, with only TCSC's connected to the system and with both TCSC as well as SVC connected. 
Case (I) 14 bus system
VI. CONCLUSIONS
A new method has been suggested for selecting the optimal location and size of TCSC's and SVC's under normal and overload conditions. The objective function formulated consists three terms, first term indicating the installation cost of the devices, the second term indicating the line loadings and the third one indicating the load voltage deviations. The objective function has been solved by the application of PSO technique which is basically a heuristic search algorithm which is well suited for complex, nonlinear problems. It has been found that the placement of TCSC's and SVC's of optimal ratings at suitable locations results in considerable improvement in bus voltage profiles and line loadings are reduced significantly.
